INTRODUCTION
============

Grazing behavior is an important process directly associated with animal nutrition intake, productivity and impact on the grassland ([@b3-ajas-26-5-711-15]; [@b21-ajas-26-5-711-15]; [@b14-ajas-26-5-711-15]). Understanding ruminants grazing behavior is vital for improving livestock management systems and reducing the environmental effects of intensive animal husbandry productions ([@b8-ajas-26-5-711-15]; [@b2-ajas-26-5-711-15]). Grazing management principally affects the grazing timing and length of grazing sessions which livestock require to meet their nutritional requirements for production ([@b11-ajas-26-5-711-15]; [@b17-ajas-26-5-711-15]; [@b23-ajas-26-5-711-15]). [@b16-ajas-26-5-711-15] stated that sheep tended to maintain their grazing time at the expense of resting time to reduce the negative impact of shorter daylight duration on feed intake, and by behavior adaptation the sheep succeeded in maintaining their organic matter intake. Ayantunde et al. (2008) and Kennedy et al. (2009) demonstrated that restricting access time to pasture resulted in much greater grazing efficiency as the cattle with low access time spent a greater portion of their grazing time on foraging. Moreover, grazing livestock have the ability to change their intake rate as the consequence of behavioral decisions ([@b17-ajas-26-5-711-15]). Consequently, livestock with limited access to pasture moved more quickly, walked longer distances during grazing to maintain intake of sufficient forage mass ([@b6-ajas-26-5-711-15]; [@b18-ajas-26-5-711-15]).

In northwest China with increasing human population density and decreasing land availability, animal husbandry is facing heavy grazing pressure and low vegetation cover, which led to further grassland degradation and ecological deterioration of the desert steppe ([@b1-ajas-26-5-711-15]). Thus, controlled grazing, rotational grazing or banning grazing was implemented to improve the ecological environment. As an important method for grazing management, biodiversity conservation and profitable animal production, restricted grazing time can satisfy the requirement of animals, herders, consumers and the environment. Therefore, understanding the behavioral implications of restricted grazing time is essential for grazing management and fragile ecosystems conservation. Tan sheep are raised in the desert and semi-desert regions of China, and are famous for their wool with long curled hair and high quality meat. To our knowledge, little information is available regarding the behavior of Tan sheep adjusting to time-limited grazing in the desert steppe. The objective of this study was to investigate the effect of restricted grazing time on the grazing behavior, bite rate, and movement of Tan sheep on the desert steppe.

MATERIAL AND METHODS
====================

Study site and swards
---------------------

The present study was carried out in the Sidunzi administrative village, Huamachi town, Yanchi County, Ningxia Hui Autonomous Region, China (37°44 N, 107°19 E; 1,400 m a.s.l.). The site is located on the southwest edge of the Maowusu desert and belongs to the interim zone of the Loess Plateau to the Ordos platform. The experimental area has the typical temperate continental monsoon climate. Annual mean temperature is 7.7°C, average temperature in January is -8.9°C and in July is 22.5°C. Average annual precipitation is 289.5 mm, which occurs mainly from July to September, and average annual evaporation capacity is 2,131.3 mm. The steppe type is classified as arid sandy grassland.

Animals and experimental design
-------------------------------

Forty male Tan sheep, purchased from local farms, were about 4-months old with an original body weight (BW) of 15.62±0.33 kg, and were randomly allocated to one of four restricted grazing time treatments: Grazing 2 h per day (G2, grazing from 16:00 h to 18:00 h), 4 h/d (G4, from 6:30 h to 10:30 h), 8h/d (G8, from 8:30 h to 16:30 h), and 12 h/d (G12, from 6:30 h to 18:30 h). To supplement the quantity and quality insufficiency of pastures for grazing sheep, the amount of supplement was 300 g mixed feed at first 2 months and 500 g at last 2 months for G2, 150 g at first 2 months and 300 g at last 2 months for G4, 150 g at first 2 months and 300 g at last 2 months for G8 and nil for G12 treatments, respectively. The chemical composition and nutritive value of the mixed feed is given in [Table 1](#t1-ajas-26-5-711-15){ref-type="table"}. The sheep were fed with the supplement twice per day at 6:00 h before grazing and 19:00 h after grazing within individual pens. After grazing, sheep were penned in paddocks and had free access to water.

The experiment was conducted during four consecutive months from June to September 2011. A 53.3 hm^2^ well-proportioned vegetation plot was evenly separated to 4 paddocks (each 13.3 hm^2^) by wire fences which were consistent with 4 experimental treatments. The plant mass was 167.61, 192.83, 203.23 g/m^2^ in July, August and September, respectively (measured by sampling methods).

Observation and recording of animal behavior
--------------------------------------------

Two Tan sheep in each experimental group were randomly chosen and labeled with different colored ribbon for behavioral survey. According to [@b10-ajas-26-5-711-15] and [@b15-ajas-26-5-711-15], on two days in the middle of July, August, and September (observing periods), the behavior of these two sheep was surveyed with the unaided eye and were recorded every 3 min-intervals during grazing time. Recorded activities time included i) grazing time (head down on the grass for browsing, biting and consuming herbaceous vegetation), ii) ruminating time (included standing and lying ruminating time), iii) resting time (immobile time on pasture included standing and lying resting time), iv) walking time (mobile time without grazing), v) other activity time (included the time of excretion and social interactions). The total time of each activity spent by the sheep was calculated as the product of the behavioral activity times and the 3 min-interval.

The walking distances of sheep were recorded every 30 s with one of the two focal sheep per plot by a Geographic Positioning System (GPS) receiver (Geosurvey330, UniStrong Inc., Beijing, China) during grazing observing days per months ([@b24-ajas-26-5-711-15]). GPS receivers (138 g/piece) were set in a hardy paper container and fitted to the back of sheep by harness. The grazing velocity was calculated as total grazing moving distance divided by the total grazing time.

To measure the bite rate (bites per min), a sheep per plot was randomly selected to record bite number per min using a hand-held counter for every 3 min and continuous for 30 min. The results are expressed as average daily bite.

Statistical analyses
--------------------

The sheep's activity value of different grazing treatments and different months were analyzed using General Line Model (GLM) procedure of SAS. The model was: $$y_{\mathit{ij}} = \mu + G_{t} + M_{j} + G \times M_{\mathit{ij}} + e_{\mathit{ij}}$$

Where, *y, G, M* and *e* represented the target variable, the restricted grazing time *i*, the month *j*, the random experimental error, and *G*×*M* represented the interaction between restricted grazing time and month with companions. Multiple comparisons of the data were done by the Duncan test to determine the significant effects of different restricted grazing time and month. Statistical significance was identified at the 95% confidence level (p\<0.05).

RESULTS
=======

Effect of restricted grazing time on grazing activities
-------------------------------------------------------

Restricted grazing time significantly reduced the proportion of resting, ruminating and walking activity time (p\<0.01), which increased the proportion of intake time (p\<0.01). However, no difference of other activity time proportion was observed (p\>0.05) ([Table 2](#t2-ajas-26-5-711-15){ref-type="table"}).

Effect of restricted grazing time on bite rate, moving distance and velocity
----------------------------------------------------------------------------

When Tan sheep were exposed to a short grazing time, a change in the bite rate was observed ([Table 2](#t2-ajas-26-5-711-15){ref-type="table"}). The bite rate of G2 group was significantly (p\<0.05) higher than the other groups, and no significant difference of bite rate was observed amongst the other groups. By increasing the restricted grazing time, total moving distance of Tan sheep significantly (p\<0.01) increased ([Table 2](#t2-ajas-26-5-711-15){ref-type="table"}), and a notable difference among experimental groups was observed (p\<0.05). However, moving velocity significantly (p\<0.05) decreased with increasing restricted grazing time and the moving velocity of G2 group was higher than the other groups.

Effect of grazing month on grazing activities
---------------------------------------------

Grazing month only had a clear effect on intake time, ruminating time and ruminating time proportion ([Table 3](#t3-ajas-26-5-711-15){ref-type="table"}). The intake time was lower in August than in July and September (p\<0.05) and the proportion of intake time had a similar trend (p\>0.05). In different months, ruminating time and proportion were significantly (p\<0.01) different, and the ruminating time was lower in September than in July and August. No significant influence was observed on the time spent on other activities.

Effect of restricted grazing month on bite rate, moving distance and velocity
-----------------------------------------------------------------------------

The influence of grazing months on bite rate of Tan sheep was not significant (p\>0.05), but the bite rate had an increasing trend with the progression of grazing months ([Table 3](#t3-ajas-26-5-711-15){ref-type="table"}). The moving distance was longer and the grazing velocity was swifter in September than in the other months (p\<0.01), which had a clear increasing tendency with grazing months.

DISCUSSION
==========

Effect of restricted grazing time on behavior activity
------------------------------------------------------

Animals could adapt to restricted access (time or quantity limited) at pasture by changing their foraging behavior to meet energy and nutrient requirements. The most likely reason was low forage intake enhancing hunger and motivating grazing ([@b20-ajas-26-5-711-15]). The general behavior change of time-limited grazing was to intensify grazing activities ([@b17-ajas-26-5-711-15]). Similarly, the grazing time of Tan sheep in the present study was reduced from 479 min in G12 to 106 min in G2; however, the proportion of time spent grazing increased from 67% of G12 to 88% of G2. This adaptation of intake time was in response to the limited access to grassland ([@b12-ajas-26-5-711-15]; [@b13-ajas-26-5-711-15]; [@b7-ajas-26-5-711-15]; [@b9-ajas-26-5-711-15]). In addition, the animals could decrease their resting time, too. The rest time of Tan sheep in G2 and G4 group was less than 10 min during grazing. These results indicated that Tan sheep increased the proportion of intake time and decreased the proportion of rest time to improve foraging efficiency in compensation for the reduced access time to forage.

The intake time of Tan sheep was significantly lower in August than in July and September, respectively. The probable reason may be that the annual plant growth and forage production increased during the rainy season in July-August. In addition, the high palatability and availability of vegetation in the growth phase and the increased energy requirements to build up reserves lead to an increased intake in September. The findings of [@b16-ajas-26-5-711-15] was not consistent with our study, who reported that the sheep had less resting time so as to maintain more grazing time in September than in July and August. The possible reason for this discrepancy might be the day time was shorter for foraging in September than July and August in Lin's study while the Tan sheep in our study had the same amount of grazing time each month.

Effect of restricted grazing time on bite rate
----------------------------------------------

It appears to be difficult to change the rhythm of bite rate ([@b23-ajas-26-5-711-15]). However, in some extreme conditions, animals can change bite rates as an adaptation to methods aimed at improving the efficiency of using grassland and reducing the effect of intensive livestock on grassland ([@b17-ajas-26-5-711-15]; [@b8-ajas-26-5-711-15]). Sheep significantly increased biting rate when exposed to declining grass availability ([@b5-ajas-26-5-711-15]). According to Ayantunde et al. (2008) and [@b20-ajas-26-5-711-15] dairy cows can also modify their intake rate in response to a constraint of access to pasture to maintain their intake and nutrient supply. In our study, Tan sheep had higher bite rate in the 2 h grazing group than in the other groups, but there wasn't a significant difference between the other groups. This showed that the bite rate of sheep under normal conditions (without restricted time or access) is lower than their potential ability ([@b17-ajas-26-5-711-15]; [@b19-ajas-26-5-711-15]). There is more plant mass, especially annual plants, for foraging with rain falling in July and August and the greater herbage mass increases intake per bite, so the bite rate didn't show a significant difference with changing months.

Effect of restricted grazing time on movement
---------------------------------------------

[@b22-ajas-26-5-711-15] and [@b4-ajas-26-5-711-15] reported that animals modulated their foraging velocity to facilitate identification of resource availability. In low or limited resource conditions, an efficient and improved method of searching was observed in animals that allowed them to find the most available resource and suit to a high bite rate at pasture by adjusting their foraging speed. Tan sheep increased their walking speed with reducing restricted grazing time. The result of the present study is consistent with the other reports ([@b22-ajas-26-5-711-15]; [@b4-ajas-26-5-711-15]; and [@b18-ajas-26-5-711-15]). The grazing velocity of Tan sheep significantly increased with progressing grazing months, and the trend was in line with the tendency of an increasing bite rate which was a more efficient method of grazing.

CONCLUSIONS
===========

The present study indicated that Tan sheep have a strong behavioral ability to adapt to restricted grazing time by reducing the resting time, increasing intake time and walking speed, even changing bite rate to improve the efficiency of their grazing activity. Thus a regime of restricted grazing time of 4 h or even 2 h with an appropriate supplement may be able to maintain suitable grazing production on the desert steppe.
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###### 

Ingredients and the chemical composition of experimental diets (g/kg DM)

  Items                                                         Concentrate
  ------------------------------------------------------------- -------------
  Ingredients                                                   
    Corn                                                        595
    Wheat bran                                                  100
    Soy meal                                                    255
    Premix[^\*^](#tfn1-ajas-26-5-711-15){ref-type="table-fn"}   50
  Chemical composition                                          
    Crude protein                                               191
    Digestible energy (MJ/kg DM)                                15
    Ash                                                         32
    NDF                                                         135
    ADF                                                         60
    Ca                                                          7
    P                                                           3

The premix per kilogram contains the following material: vitamin A (retinyl acetate), 120,000 IU; vitamin D~3~, 18,000 IU; vitamin E (DL-α-tocopheryl acetate), 500 IU; iron, 900 mg; copper, 150 mg; manganese, 1,160 mg; zinc, 1,900 mg; iodine, 11,000 mg; and selenium, 6 mg; cobalt, 6 mg; Ca 100 g; P 30 g; salt, 150 g.

###### 

Behavioral activity time and proportion of time spent at each activity of Tan sheep grazing on the desert steppe at four restricted grazing times (least squares means across the three grazing months)

  Parameter                      Group       Probability values                                  
  ------------------------------ ----------- -------------------- ----------- ----------- ------ --------
  Intake time (min)              105.50^d^   209.00^c^            375.50^b^   479.75^a^   3.19   \<0.01
  Resting time (min)             5.00^c^     9.75^c^              28.75^b^    80.50^a^    1.79   \<0.01
  Ruminating time (min)          0.00^d^     5.50^c^              46.25^b^    101.00^a^   1.48   \<0.01
  Walking time (min)             6.25^d^     9.50^c^              17.00^b^    37.25^a^    0.90   \<0.01
  Other activity time (min)      3.25^d^     6.25^c^              12.50^b^    21.50^a^    0.95   \<0.01
  Bite rate (bite min^−1^)       53.56^a^    46.85^b^             45.70^b^    48.52^b^    1.49   \<0.01
  Moving distance (Km)           2.77^d^     3.99^c^              6.22^b^     6.69^a^     0.10   \<0.01
  Grazing velocity (m min^−1^)   26.57^a^    18.46^b^             14.36^c^    10.51^d^    0.39   \<0.01
  Intake time (%)                87.91^a^    87.08^a^             78.23^b^    66.63^c^    0.92   \<0.01
  Resting time (%)               4.17^c^     4.06^c^              5.99^b^     11.18^a^    0.49   \<0.01
  Ruminating time (%)            0.00^d^     2.29^c^              9.64^b^     14.03^a^    0.26   \<0.01
  Walking time (%)               5.21^a^     3.96^b^              3.54^b^     5.17^a^     0.38   \<0.01
  Other activity time (%)        2.71^a^     2.60^a^              2.60^a^     2.99^a^     0.37   0.87

###### 

Behavioral activity time and rate of Tan sheep grazing on the desert steppe during different grazing months

  Parameter                      Month       Probability values                      
  ------------------------------ ----------- -------------------- ----------- ------ --------
  Intake time (min)              292.69^a^   286.69^b^            297.94^a^   2.90   \<0.01
  Resting time (min)             30.38       32.81                29.81       1.55   0.36
  Ruminating time (min)          40.69^a^    40.31^a^             33.56^b^    1.29   \<0.01
  Walking time (min)             16.50       18.38                17.62       0.78   0.24
  Other activity time (min)      9.75        11.82                11.06       0.82   0.21
  Bite rate (bite min^−1^)       46.58       49.25                50.14       1.29   0.13
  Moving distance (Km)           4.86        4.83                 5.06        0.09   0.18
  Grazing velocity (m min^−1^)   14.80^c^    17.95^b^             19.66^a^    0.34   \<0.01
  Intake time (%)                80.34       78.46                81.09       0.80   0.07
  Resting time (%)               6.22        6.81                 6.02        0.42   0.40
  Ruminating time (%)            7.08^a^     7.02^a^              5.36^b^     0.26   \<0.01
  Walking time (%)               4.01        4.75                 4.65        0.33   0.24
  Other activity time (%)        2.34        2.96                 2.88        0.32   0.36

[^1]: College of Animal Science and Veterinary Medicine, Heilongjiang Bayi Agricultural University, Daqing, 163319, China.
